This study was carried out to update some data on reproductive parameters of Sarotherodon melanotheron (n = 617), Chrysichthys nigrodigitatus (n = 545) and Brycinus macrolepidotus (n = 498) from Lake Ayamé 1. Samples were collected on monthly basis, between September 2017 and August 2018 using gillnets of various sizes. Based on gonadosomatic index (GSI) and maturity stages, S. melanotheron and B. macrolepidotus exhibited two spawning periods while C. nigrodigitatus reproduced during a single period, which coincided with the rainy seasons (March to July and October to November). In S. melanotheron and C. nigrodigitatus, males reached the first sexual maturity size (SL 50 ) at smaller length than female with the SL 50 obtained are lower than those observed in the same lake or in other ecosystems. Absolute fecundity is positively related to standard length and body weight. Relative fecundity ranged from 1 to 294 oocytes per g of body weight in these species and the trend of increasing of fecundity was observed reflecting a possible adaptation to fishing pressures.
INTRODUCTION
Interest toward the biology of reproduction of teleost fish has increased considerably over the past few years due to the environmental and economic importance of several species. To manage fishery, it is necessary to determine the spawning periods of species living in the area being fished, to identify the ideal time and duration for a ban and also to take socio-economic factors into account. Indeed a knowledge of fecundity is important in stock size estimation and stock discrimination (Lévêque et al., 2006; Costa et al., 2015) within an ecosystem.
Lake Ayamé 1 is the site of significant fishing activity in south-eastern Côte d'Ivoire and Sarotherodon melanotheron Rüppell, 1852 , Chrysichthys nigrodigitatus (Lacepède, 1803 , Brycinus macrolepidotus Valenciennes, 1849 are highly valued fish species in this area and are subjected to high fishing pressure (Vanga, 2004; Tah et al., 2009 ). The first species occurs in lagoons and estuaries from Mauritania to Cameroon (Teugels and Thys Van Den Audenaerde, 2003) , the second is known from most West Africa basins, extending from Senegal to Angola (Risch, 2003) and the third occurs almost throughout intertropical Africa (Paugy, 2003) . Several data on the biology and ecology of these species are available (Koné and Teugels, 1999; Ouattara et al., 2006) , including breeding periods but other reproductive traits such as first maturity size and fertility are less known. In a tactical response to the changeable environment, some reproductive traits (e.g. fecundity, maturity size, reproductive season) may exhibit an adaptative behavior which responds to physiological trade-off between reproduction and growth, reproduction and condition, as well as the number and quality of the offspring (Stearns, 1992) . While environmental factors, such as temperature and hydrological seasons, cause medium and long term changes in many biological traits of fish (Brooks et al., 1997; Lambert et al., 2003) , fishing activities itself can produce rapid alterations (SaboridoRey and Kjesbu, 2005) . Fishery often creates preference for the larger fish thus, inducing changes in the age structure of the population. As a result of this compensatory mechanism, fish mature at earlier age and at smaller size (Rochet, 2000) which negatively affecting the reproductive potential of the population (Trippel et al., 1997) .
Fishing activities in Lake Ayamé 1 was mainly dominated by non-native fishermen at 74.6% (Vanga, 2004) . Several authors had shown that, the exploitation of lake by these fishermen contributed to overexploitation of resources (Tah et al., 2009 ) which results in depletion of stocks, morphological and physiological adaptation of fish of this area, hence the need to update information on fish population structure in Lake Ayamé 1. This study was carried out to update data on the reproductive parameters of S. melanotheron, C. nigrodigitatus and B. macrolepidotus from Lake Ayamé 1 based on their spawning aspects, fecundity and to relate it to the length, size of first maturity. The information provided can be used for future fisheries management and regulation of Lake Ayamé 1.
MATERIALS AND METHODS

Study area
Lake Ayamé 1 is located in the South-East (05°30' N, 03°00' W; Figure 1 ). Its climate is characterized by an equatorial transition zone, with two rainy seasons (April to July and October to November) separated by a short dry period from August to September, and a more pronounced one from December to March. Hydroelectric reservoir was built on the Bia River and has an average surface of 135 km 2 (Laë, 1997) , 80 km long and 27 km wide (at the maximum water level).
Data sampling
Six hundred and seventeen, 545 and 498 samples of S. melanotheron, C. nigrodigitatus and B. macrolepidotus, respectively were collected on monthly basis, from September 2017 to August 2018, using gillnets (mesh size 10, 15, 20, 25, 30, 35, 40, 45 and 55 mm) . During each sampling, measurements of standard length (in cm) and total weight (in g) were taken for each sample. The sex of each specimen was identified and confirmed after dissection and visual examination of the gonads. The gonads were detached from the other visceral organs and weighed. A five-stage maturity based on macroscopic characteristics; S. melanotheron and B. macrolepidotus according to Koné and Teugels (1999) ; C. nigrodigitatus according to Lalèyè (1995) was used to classify the gonads.
In order to monitor the sexual cycle and determine the spawning period, the percentage of different stages of sexual maturity and the average of the gonado-somatic index (GSI) were calculated monthly for females: GSI (%) = (Wg / Wev) × 100 where Wg = Ovary weight (g); Wev = Eviscerated Body weight (g). Monthly variations in percentage of maturity stages (III, IV and V) and GSI were coupled together to determine the breeding periods (Durand and Loubens, 1970; Ouattara et al., 2006) .
For the estimation of fecundity, the ovaries of mature females were weighed; three sub-samples were taken from the front, midand rear sections of each ovary and weighed. The total number of eggs in each ovary sub-sample was then proportionally estimated Kessié et al. 35 using the equation, F1 = gonad weight × number of eggs in the subsample ⁄ sub-sample weight (Yeldan and Avsar, 2000) . Later, by taking the mean number of three sub-sample fecundities (F1, F2, F3), the total fecundity (number of eggs present in the ovary) for each female fish was estimated Fa = (F1 + F2 + F3) ⁄ 3. In addition, individual fecundity was divided by eviscerated body weight of the fish to estimate relative fecundity (Fr) (number of eggs per gram body weight). Fecundity-standard length, fecundity-bodyweight relationships were determined using the expression: F = a×b, F = absolute fecundity, x = standard length or body weight, a = constant, b = regression coefficient was evaluated by least squares regression analysis using log transformed data based on the formula: log F = log a + b log xi. The size at first maturity is the size at which 50% of individuals are mature (SL50). During the reproduction season, the collected individuals were classified as mature and immature individuals. Mature individuals with gonads in stages III, IV and V were classified by size class at an interval of 20 mm. The proportions of mature individuals (Pr) and their corresponding size classes were adjusted to a logistic curve (Saila et al., 1988) such as: Pr = 1/(1 + e -r (SL-SL 50 ) ). The Statistica software package (Version 7.1; Statsoft, Inc.) was utilised to conduct the analysis. Figure 2 shows that the gonadosomatic index (GSI) for females of S. melanotheron. GSI values were ranged from 0.25 to 3.29% with the main peaks occur in November 2017 (2.51%) and March (3.29%). The mean GSI values decreased from 2.51 in November to 0.83 in December. High proportions of mature females (more than 60%) were observed during October-December and March-August periods. GSI values reached a single peak in June (18.74%) in females of C. nigrodigitatus ( Figure  3 ). Growth and decline phases of GSI values were observed in February-June and June-August, respectively. Relatively low GSI values from September to February (0.95 to 0.49%) and highest proportions of mature females were observed between April and June. GSI values increased from 0.11% in October to 7.03% in June and decreased between September-January and June-July periods in B. macrolepidotus (Figure 4) . GSI reached two peaks in September (9.73%) and June (7.03%). Monthly variation of GSI was relatively similar to the percentage of maturity stages. Females at the postlaying stage (V) were observed from June to September among the three species.
RESULTS
GSI and maturity stages
Size at first maturity
The logistic curves describing the relationship between sexes and the proportion of 50% maturity was estimated and attained 125 mm in male and 119 mm in female of S. melanotheron ( Figure 5A ). Sizes of the smallest mature individuals were 93 and 90 mm in males and females, respectively. In C. nigrodigitatus, SL 50 was estimated at 178 and 184 mm in males and females, respectively ( Figure 5B ) and the smallest mature males and females observed measured 113 mm and 95 mm. While for B. macrolepidotus, LS 50 was 106 and 88 mm in males and females ( Figure 5C ), while the smallest individuals measured 80 and 70 mm in both sexes, respectively.
Fecundity
The mean absolute fecundity of S. melanotheron was 386 ± 146, ranging from 135 to 768 eggs (for a female with a SL ranging from 150 and 220 mm) and the relative fecundity ranged from 1 to 4 (mean 2.0 ± 0.5) in lake Ayamé 1 (Table 1) . The mean absolute fecundity of C. nigrodigitatus and B. macrolepidotus was 4307 ± 1649 and 22243 ± 14331, respectively and the relative fecundity ranged from 15 to 294 for both fish. The regression models of the relationship of fecundity with standard length and body weight were expressed as: S. melanotheron: Log Fa=0.7124Log W + 0.94, n = 27, R² = 0.6024 ( Figure 6) ; C. nigrodigitatus: Log Fa = 2.0965Log SL -1.2717, n = 42, R² = 0.761 ( Figure 7A) ; B. macrolepidotus: Log Fa = 4.6089Log SL -6.2051, n = 24, R² = 0.5222 ( Figure 7B ). Significant linear relationships were found for Fa-SL and Fa-W log transformed (p < 0.001).
DISCUSSION
This study indicated variations of maturity stages and the spawning periods of three species of fish from Lake Ayamé 1. High proportions of mature females and the peak of GSI were mainly observed between April and August. The breeding periods of these species generally coincided with rainy seasons in Lake Ayamé 1. Indeed, most freshwater fish species of the intertropical zone become ripe then lay at the time of the rise of water which follows the beginning of the rainy season (LoweMcConnell, 1975 ). In the same way, in African rivers, the risings of water levels are the determining factors in the reproductive biology of the fishes (Welcomme and de Merona, 1988) . The analysis of the results relating to sexual maturity stages and GSI of these species taken in Lake Ayamé 1 forms part well of this strategy. Previous studies conducted in Lake Ayamé 1 have also shown that S. melanotheron and B. macrolepidotus breed during rainy seasons (Koné and Teugels, 1999; Ouattara et al., 2006) . According to Lévêque et al. (2006) , this reproductive pattern in tropical areas reflects adaptation to environmental constraints to optimize release of gametes in a synchronized process related to food availability for larvae and post larvae. This ensures a greater survival of the offspring. This type of reproductive behavior was also observed in other species, for instance Clarias buettikoferi in Tanoé-Ehy swamp forest (Konan et al., 2014) and 18 fish species in Baoulé River (Paugy, 2002) . The size at first maturity of three fish species showed some variations in males and females. Namely SL 50 was estimated as 119 mm in females and 125 mm in males for S. melanotheron, respectively. These values were lower than that reported for the same species in Lake Ayamé I (SL 50♂ = 126 mm; SL 50♀ = 136mm) (Koné and Teugels, 1999) . Similarly, the first sexual maturity sizes of C. nigrodigitatus (SL 50♂ = 178 mm; SL 50♀ = 184 mm) and B. macrolepidotus (SL 50♂ = 106 mm; SL 50♀ = 88 mm) (Albaret 1982) . For both species S. melanotheron and C. nigrodigitatus, males reached SL 50 at smaller length than female. These comparisons indicate a relative decline in the size of first maturity of species. These variations may be attributed to the increase in fishing effort, environmental factors, population densities and food availability (Hossain et al., 2012) . Indeed, Lake Ayamé 1 is under high pressure from non-native fishermen using non-selective gear (Tah et al., 2009 ). According to several authors, the size at first sexual maturity is under strong evolutionary selection pressure in fish, and possible evolutionary changes toward a smaller maturation size could be observed due to high selective fishing pressure (Sharpe and Hendry, 2009; Vainikka and Hyvärinen, 2012) . Increased fishing pressure generally tends to affect the size distribution of the adult stock recruited to a fishery by reducing the proportion of large individuals. Indeed, reducing the size of first sexual maturity is a strategy for species threatened to ensure the longevity of species (Duponchelle et al., 2000) . Fecundity of these three fish species in our study was comparable to other estimates for this species from lake Ayamé 1 and other aquatic systems. Koné and Teugels (1999) reported that fecundity of S. melanotheron varied from 132 to 430 eggs (122 to 175 mm SL) in Lake Ayamé 1 against fecundity ranging from 135 to 768 in this study (150 to 220 mm SL). Our results indicated that the relative fecundity of 2 eggs per g, was higher than other study reported by Legendre and Ecoutin (1996) increasing fecundity in both species. Indeed, females from populations co-occurring with predatory fishes usually present higher fecundity, with smaller offspring size and reach maturity at a smaller size than females from predator free populations (Reznick et al., 1996; Johnson and Belk, 2001 ). Overfishing and predation also contribute to the decline of fish populations, thus the increase of fecundity may also be the result of a strategy to their continued existence as species. For B. macrolepidotus, a decrease in fecundity was observed in the present study (152 eggs per g) in contrast to the findings by Albaret (1982) and Paugy (1982) that reported of 180 to 182 eggs per g. This decline may be related to significant decrease in the size of the first maturity from 180 mm (Albaret, 1982) to 88 mm in females. Fecundity in teleosts could be affected by food availability, female condition, size and the environmental conditions (MuRua and Motos, 2006; Dominguez-Petit and Saborido-Rey 2010) . Thus, for a given size, females live in better condition exhibit higher fecundity (Kjesbu et al., 1991) , indicating that size and condition are the key parameters to properly assess fecundity at the population level.
The results of the present work suggest that the relation between the absolute fecundity and the standard length or weight can be formulated as a linear one and high determination coefficients were obtained in C. nigrodigitatus and B. macrolepidotus. Demska-Zakes and Dlugosz (1995) believed that fish with such relations show faster growth rate at the same tune with higher fecundity and that the parameters to a large extent depend on the environmental conditions. Positive relationships between fecundity and length have been reported for different fish species from different geographical areas (Hossain et al., 2012; Konan et al., 2014) , and this lends support to the present results.
CONCLUSION
The results of this study showed a tendency to modify the reproductive traits, in particular by decreasing sizes at first sexual maturity and suggest a strategy of adaptation to overfishing by increasing the fecundity index in S. melanotheron and C. nigrodigitatus. In view of the reduction in sizes, the use of non-selective fishing gear should be discouraged and the reduction of fishing effort in rainy season (June and July) to manage resources rationally. However, further study is recommended to assess the exploited fish stocks in Lake Ayamé 1.
